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ADVANCE iESTiiICTED‘REPORT -

INVESTI(3AmON OF EFFECT OF SIDESLIP ON

ILAl(’ERALS!PAKCLITYCHARACTERISTICS

II - RECTANGULAR MIDWING ON CIRCULAR FUSELAGE

WITH VARIATIONS IN VERTICAL-TAIL AREA AND

FUSELAGE LENGTH WITH AND WITHOUT

Power-off
section of the

130RIZONTAL TAIL SURFACE

By ~O~~S A. Hollingworth

SUMMARY

tests were made in the 6- by 6-foot test
Langley stability tunnel to detemmlne the

variation of the etat~c lateral-stability characteristics
with vertical-tall area, fuselage length, and wing dihe-
dral. Two NACA 25012 rectangular wings with rounded tips
and dihedral angles of 0° and 5° were tested alone and
in combination with three circular fuselages of different
lengths. The wirlg-fuselagecombinations were tested as
midwing monoplanes with and without a horizontal tail and
with variations in vertical-tail area. The results are
presented as curves showing the variation of the static-
lateral-stability slopes with angle of attaok, and the
rolling-moment, yawin&-moment, and lateral-force coeffi-
cients with angle of yaw.

The results indicated that the wing-fuselage inter-
ference on the slope of the curve of yawing-moment coef-
ficient against angle of yaw cn~ and on the slope of

the curve of lateral-f’orcecoefficient against angle of
yaw CYW was small and remained practically constant

over the unstalled angle-of-atthck range. In the high-
speed flight range, the wing-fuselage interference on
the vertical tail was small and, in the normal flight
range, was not appreciably changed by an increase in
fuselage length or vertical-tail area for the sizes
investigated.

I .- . .



111 1 . ■ ■ m ■ ,. 1-, ., ., -,--, .,. . . . . . .

2 NACA ARR No, L5C13

With no vertical tail, inoreaaed fuselage length
caused a negligible ohange in %$ for the fuselage

lengths tested. For the complete model, Cn~ inoreased

approx.lmatelylinearly with fuselage length. The
slopes Cn* and %W increased apprordmately linearly

with vertical-tail area. For the system of axes used,
the slope of the ourve of rolling-moment coefficient
against angle of yaw % inoreased with vertioal-tail

area at negative end small poslttve angles of attack but
deoreased at large positive angles of attack. The results
also indioated that increased dihedral angle slightly
decreased the rate of change of ~,b with vertical-tall
area but had a negligible effect on the rate of change
Of Cn* with fuselage length. ~ appreciable increase

‘n cn~ was caused by the end-plate effect of the
horizontal tall on the vertical tail.

INTRODUCTION

The trend toward greater speed and higher wing loadings
and the increased consciousness of the Importance of
satisfactory flying quail.tieshave resulted in additional

.

attention being given to handling characteristics in air-
plane design. Mathematical equations and convenient
charts for predlctin~ the lateral stabillty oharacterlstlcs
are given In reference 1. In order to use tkd.smaterial,
however, it Is necessary to know the stabfllty derivatives,
which vary with each airplane oonfi.guration. A series of
investigations has therefore been undertaken in the
L~ley stabillty tunnel to determine the varlatlon of
both the static-stability and rotary-stability slopes with
various airplane parameters.

The Fresent investigation ie a continuation of the
investigation described in reference 2 except that, for
the pzmsent tests, the fuselage was equipped with a
rectangular w~ng in the mldposition.

‘he E%;sXoFeinvestigation, which was conducted in the
test section of the Langley stability tunnel, was to
determine experimentally the effect, with the propeller
off, of vertical-tail area, fuselage length, wing dihedral,
Interference, and the presence of the horizontal tall on
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the statio lateral stablllty charaeterlstlcs. A g“eonmt-
ri”ballysfmllar model has -beentested in the Langley 7- by
10-foot tunnel (reference 3) and the data may be used to
correlate the results In the two tunnels,

Tests were made of a model that had dimensions pro-
portional to those of the average airplane. The ratios
of fuselage length to wing span and of vertical-tall
area to wing area investigated were taken to braoket the
range oommonly used on present-day airplanes.

APPARATUS AND ?42DEL

The tests were made in the 6- by 6-foot closed-
throat test section (ad#usted for straight flow) of the
Langley stability tunnel.

A three-view drawing of the model tested, which was
oonstmcted of laminated mahogany, is given in figure 1.
Figure 2 shows the model mounted on the three support
struts for tests in the tunnel.

The two rectangular wings used for the tests have
dihedral angles of 0° and 5° and, In elevation, the
maximum upper-surface section ordinates are in one plane.
Each has an aspect ratio of 6.4 and an area of 361 square
inches, which includes the portion inside the fuselage.
The NACA 23012 profile is maintained along the entire
span.

The fuselage is of circular oross section and was
constructed as described in reference 2. Tts dimensions
are presented in table I. With the shortest tail oone
attaohed, the fuselage is geometrically similar to that
of referenoe 3.

Plve interchangeable vertioal tails and the horizontal
tail were made to the NACA 0009 seotion (fig. 1). Their
dimensions are presented in table II.

TESTS

The wings with dihedral angles of 0° and 5° were
tested alone at angles of yaw of -5° and 5° over an

●
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angle-of-attaok range from -10° to 20°. The model combina-
tions tested are shown In table III. Model combinations
were tested at angles of yaw of -5°, 0°, and 5° over an
angle-of-attack range from -10° to 20° and at angles of
attack of -0.2° and 10.3°
from -30° to 12°.

over an angle-of-yaw range

Tests in which the angle of attack was varied were
run at a dynamic pressure of 65 pounds per square foot,
which corresponds to a Reynolds number of approximately
838,ooo based on an 8-inch wing chord. Tests in which
the angle of yaw was varied were run at a dynamic pressure
of 65 pounds per square foot at an angle of attack of -0.2°
and at ,!J.Opounds per square foot, which corresponds to
a Reynolds number of about 54.6,000,at an angle of attack
of 10.3° to minimize the possibility of compressiMlity
effects at large angles of attack.

The rolling-moment data are not presented for a few
tests, because the tare readings were Inconsistent.

PRESENTATION OF DATA

The results of the tests are presented in standard
NACA coefficients of forces and moments. Rolling-moment
and yawing-moment coefficients are given about the center-
of-gravity location shown in figure 1. The data are
referred to the stability axes, wh~ch are a system of
axes having their origin at the center of gravity and in
which the Z-axis is in the plane of symmetry and perpen-
dicular to the relative wind, the X-axis is in the plsne
of synmwtry and perpendicular to the Z-axis, and the
Y-axis is perpendicular to the plane of symmetry.

The coefficients and symbols used are defined as
follows:

CL lift coefficient @’/@w)

CD drag coefficient (D/qSw)

% lateral-force coefficient (W&J

%*
slope of ourve of lateral- orce coefficient

against angle of yaw ()bcy@

CT rolllng-moment coefficient @Ww)
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slope of curvb of r~lling-moment coefficient
,Rgainstangle of-y~w @%@)

yawing-moment coefficient - (N/~bsw)

slope of curve of.yawing-moment coefficient
against angle of yaw (W@)

‘ncrement ‘f Cn* or CYW caused by wing-fuselage
interference

increment of Cn

~
or Cy

%
caused by wing-fuselage

interference n vertio 1 tail

tail-volume coefficient

foroe along X-axis; positive when directed downstream

force along Y-axis; positive when directed to the
right

farce along Z-axis; positive when direoted upward

yawing moment about Z-axis; positive when tends to
retard bight wing

rolling moment about X-axis; positive when tends
to depress right wing

dynamic pressure @@)
1

free-stream velocity

mass density of air

wing area (2.507 sq ft)

wing span (4 ft)

dihedral angle, degrees

tail length; measured from center of gravity, which
is assumed to be 10.40 inches behind nose of
model on center line of fuselage, to hinge line
of tail surface

-—. ——. . ---
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Sv

a

*

and

vertical-tall area

angle of attaok, degrees

angle of yaw, degrees

The static-lateral-stabll.ityslopes CnW, CZW,

CY* were obtained from data meesured at ~ = *5O

since the yaw tests showed that the coefficients had an
:p~;~~i;~te~~ linear variation in the range of angle of yaw

In ozdar to indicate the validity of this
procedure,the”slopes obtained from yaw tests at $ = 0°
are plotted wfth tailed symbals in the fiu.ures.

The accuracy of Cn, Cl, and ~ was determined
experimentally to be about t 0.0005, *0.0003, and
kO.001, respectively, at a dynamio pressure of 65 pounds
per square foot. The average experimental accuracy of
cnws Czws and CYW is about *O.OOO1O, *0.000.16,

ami tCoO002, respectively. The accuracies ~f the angle-
of-attack and angle-of-yaw measurements are about O.1°
and 0.05C, respectively.

Angle of attac’~and dra~ coefficient were corrected
for tunnel-wall effect by the following formulas:

(deg)

%42
ACD = Uw~CL = 0.0106cL2

where

Llw jet-boundary correction factor at wing (0.1525)

c cross-sectional area of tunnel (36 sq ft)

.Ilothcorrections are additive. No jet-boundary correc-
tions were applled to CZJ cnS and Cy. The correction
to ~ is within the experimental error, whereas the
corrections to C% and Cl would be subtractive and
equal to about 1 percent.
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me CL and CD data were correoted for the support-
strut effect; no corrections werq appli.el~to ~~ Cz, --

.,-... ,.-
or Cn since previous results indioated the magnitude
of these oorrectlons to be small for thts model and support
system.

The values of Al and A2 for Cn
~

for the model
without wing fillets were obtained by th followlng
formulas:

%q= c% (-cnWtiW ‘%
wing-fuselage oomblnatlon )‘fuselage

(‘i2cn*=c~complete model - c%
wing

+ Cnw )+A~Cnv

fuselage with her. and vert. tails on

The values of ‘1 and A2 for KW may be obtained in

the same manner. The method used to obtain Al and A2 is

the same as that of reference ~. The following formula
(by which the value of cn~ for the complete model is

obtained) la an example of the application of the ~ncre-
ments Al and A2:

cCnw= -. +C-.
“V~ng “~fuselage with her. and vert. tails on

+ ‘lcn~ + ‘2cn~

The interference between the fuselage and vertical
and the interference between the fuselage andtall

horizontal tail were not detezmlned.

Lift-coeffiolent and drag-coefficient data for
representative model conflgurat~ons are shown in figure 3.
The lateral-stabillty slopes cn~ and ~W for the wing

—
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are presented in figure 4.. The data presentgd in the
figures are summarized in table IV.

D~s(j~sIOJJ

The statio-lateral-stability slopes Cn~ and CYW

remained practically constant over the unstalled angle-
of-ettack ranKe (figs. 9 to 13, 15, and 16). With the
system of axes used, the center of pressure of the vertical
tall varied with respect to the X-axfs. At negative and
small positive angles of attack, the center of pressure
was above the X-axis and, therefore, the side force on
the vertical tail caused a pos~tive increment of c~$.

The opposite was true at large positive angles of attack,
since the cgnter of pressure of the vertical tail was
below the X-axis.

The jags in the curves of lateral-force, rolling-
moment, and yawin~-mornentcoefficients noted in figures 8,
13, 16, and 18 can probably be attributed to vertical-
tail stalling.

Interference Effects

The increments cau~ed by wing-fuselage interference Al
and by wing-fuselage interference on the vertical tail Aa
were computed by the equations previously given. The
fuselage data (with and without tail surfaces) used in
these co~putations were taken from reference 2. The
other data were obtained from the present Investigation.

The magnitudes of ‘lcn~ and AICYW are small and

remained practically oonstant over the unstalled angle-
of-attaok range (f~g. 5). The change In the magnitude
of these quantities with fuselage length was within the
experimental acouracy for the fuselage lengths tested.

~th A2CnV and A2~W varied appreciably with

angle of attack but their magnitudes were small in the
high-speed flight rcmge.

‘see ‘if”(:”lG-&:::::ngvertical tall 2 by vertical tail
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.inoreaseIn area) only sl.lghtlychanged the magnitude of
t~se-”quantiti.es‘inthe normal fli~t ra e..,.AsIndicated
by previous experimental data (referenoe% , the varia-
tion of A2CnW and A2~W with the fuselage lengthS

tested was generally small in the normal flight range.

Effect of Horizontal Tail

Theory Indloates that the presenoe of the horizontal
tall Increases the effective aspeot ratio of the vertical
tail and thus Increases cn~ and %$ (referenoe 5).

A pronounced increase I.nthese quant~ties was obtained
In the present lavestlgation by the addition of the
horizontal tIil. ‘Thisincrease diminished somewhat with
a pOS~tiJT~ f.ncyeasein angle of attack. (See figs. 7
and 6.) A cor~eiation of the results of previous airfoil
tests in tha L~n~ley stability tunnel indicates a value
of C.105 for the section lift-curve sl~pe or an
NACA 0009 airfoil. Ey substituting this value for the
thooratical section lift-curve slope of 0.109 in aqua-
tion (4) of reference 6 and hy the use of fi~mre ~ in
reference ~, an lncremantal increase in CY* of O.oolowas

computed for the end-plate effect of the horizontal tail
on vertical tail 4. An average experimental increment
of 0.0010 was obtained for the model with a dihedral
arglg of 00 and 0.0015 for the model with a dihedral angle
of5. The end-glate effect of the horizontal tail
on CZ* amounted to about 1° of effective dihedral.

With the vertical tail off, the magnitude of the
statio-lateral-stabilityslopes was not appreciably
affected by the addition of the horizontal tail. (See
figs. 9 and 11.)

Effect of Changes in Fuselage Length

Within the scope of the present investigation, a
negligible Increase in Cn~ was obtained by increasing

the fuselage length for the model with no vertical tail.
(See figs. 9 to 11.

i
For the complete model equipped

with vertical tail , the inorease in
Cv

with fuselage

.-
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length was approximately linear and fairly
the unstalled angle-of-attaok range. (See

‘e ‘aviation ‘n %* ‘d cY~ ‘as ‘mall

ARR NO. L5C13

constant over
figs. 12 to 14.)
both with and

without a vertical tail for the fuselage lengths tested.

Effect af Changes in Vertical-Tall Area

The increases in C
W

and CYW with vertical-tail

area were approximately lineRr and the magnitudes were
nearly consttintover the unst.ailedangle-of-attack range.
(Gee figs. lh to 16.) AS would be expected, at negative
and small positive angles of attack, Cz Increased with

w
vertical-tail area whereas, at large positive angles of
attack, c2* decreased wtth increased vertical-tail
area.

Effect of Changes with Constant Tail Volume

In figures 17 and 18 the result of changing the
fuselage length and vertical-tail area In such a manner
as to hold the tail volume constant is shown. The configu-
rations tested In which the tail volume remained constant
are shown in table V. Data from figures 17 and 18 are
cross--plottedIn figure l&. All the vertical tails tested
had an aspect ratio of 2.15.

The slope C should remain approximately the
same with constnn%titailvolume. The small experimental
variation Is possibly caused b~ interference or might be
explained by the arbitrary nmmer in which ths tall-
volume coefficient was defined.

The values of CZW and CYW are dependent mainly

on vertical-tail area and are pr~ctically independent of
tail length (fig. ~). For the range of variations giving
constant tall volume, the change in cZ* was not more
than about 0.0002, which Is equivalent to about 1° of
effective dihedral.
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Effect of Changes in Dihedral

The slope” CY%I,“generallywas sllghtly

11

greater

for I’= 5° than-~or r = OO. (See figs. 9 to 13, 15,
and 16.) With the vertical tail off. the ohanae
In Cnti-wlth dthedral angle was ins~gniflcant”(figs. 9

to ll)”but, with the vertical tall on, Cn~ was slightly

larger for I’= 0° than for I’= 5° (figs. 12 to 16).
Figure 14 shows that increased dihedral angle slightly
decreased the rate of change of cn~ with vertioal-tail

area but had a negligible effect on the rate of ohange
of

Cw
with fuselage length.

The change with dihedral angle of wing-fuselage
interference and wing-f’uselageinterference on the vertical
tail was small.

Comparison of Data from Lan@ey 7- by 10-Foot

and Langley Stability “Tunnels

The model tested in the Langley stability tunnel
Is 0.8 as large and geometrically similar to the one
tested In the Langley 7- by 10-foot tunnel for the
inveatfgation of reference 3. The test Reynolds number,
base~lcn the wing chord, was about 619,000 for t~
La~ley 7- by 10-foot tunnel compared with about
888,0(.10for the Langley stability tunnel. The effective
Reynolds number, however, was about the same since the
turbulence factor for the Langley 7- by 10-foot tunnel
Is 1.6 compared with less than 1.1 for the Langley stability
tunn91. Data taken from referenoe 3 were oonverted to
the stability axes and the angle of attack was oorreoted
for tunnel-wall effect In order to make the data comparable
with data from the Langley stability tunnel. Figure 19
shows that satisfactory agreement was obtained for all
three static-lateral-stabilityslopes. In both tunnels
the model, when yawed, tended to roll violently at the
stall.

CONCLUSIONS

The results of tests of a model consisting of a
rectangular mldwing on a ciroular fuselage with variations

1
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In vertical-tail area and fuselage length with and with-
out a horizontal tall indioated, for the range of con-
figurations tested, the following conclusions:

1. The wing-fuselage Interference on the slope of
the curve of yawing-moment coefficient against angle of
yaw ‘*~ and ths slope of the curve of lateral-force

coefficient against angle of yaw Cy* was small and

remained practically constant over the unstalled angle-
of-attack range. In the high-speed fl~~ht range, the
wing-fuselage interference on the vertical tail was
small and, In the normal fltght range, was not appreciably
changed by fuselage length or by an increase of about
48 percent in vertical-tail area.

2. The end-plate effect of the horizontal tail on
the wrtlcal tail appreciably increased Cn~ ‘d %?Jl”
Good agreement was
computed values of

3. Increasing
tail resulted in a

obtained betwean experimental and

CY*”

the fuselage length with no vertical
negligible change in Cnl, for the.

model, both with and without a horizontal t~ll. For the
complete mmdel, the increase In Cn

v
was approximately

linear with fuselage length. Ths changes in the slope
of the curve of rolling-moment coefficient against angle
of yaw c2* and in CV

“w
with fuselage length were

small.

~. The Increases in cn~ and Cyti with vertical-

tail area were approximately’linear. For the system
of axes used, an incrsase in vertical-tall area increased
Czti at negative and small positive angles of attack but the

opposite was true at large positive angles of attack.

5- :ncreased dihedr~l an~,lesll~htlr decreased the
rate of chanCe of @ with vertical-tail area but had

a negli@ble effect on the r~+teof cha-,geof On
*

with

fusela~e length.

Langley &emorial Aeronautical Laboratory
tJationalAdvisory Committee for Aeronautics

Langley Held, Va.
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TABLE I

FUSELAGE DIMENSIONS

Fuselage Tail-cone Tall len th 1 Tail length ~
Fuselage length length (inof

(in.) (In.) wing span ‘b

Short 32.25 9.85 20 ● 07 0.418

Medlw 37.05 4.65 24.87 .518

Long 41.85 19● L5 29.67 .618

TABLE II

TAIL-SURFACE DI~~’SIONS

Do---
I

2

~--- I 3

Do--- 4

Do--- 5

iorizontal ---------.-

1
I

10.83
I

0.0300

23 m 78
I

.0659

28.37
I

.0786

35.16 I .~74

46.20 I .1280
64.21 I .178

Aspect
ratio

2.15

2.15

2.15

2.15

2.15

3*99

“Areameasured from root chord at center line of fuselage.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

,,, , , ,,,. ,,,,
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TABIE III

MODEL COMBINATIONS TESTED

[r = 0° and 5~

Horizontal Vertical
tail tail Fuselage Variable

off .

1

2 Short,
medium, a

“3 and long

4

5
on

2
Long

4
*

3
MediW.

h

4
Short

off

off off Long aandW

4 Short

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV

PRESENTATION OF RESULTS.. .. . ....

!lgure

3

4

5

6

7

8

9

10

11

12

13

.—.

Description of figure ‘

Lift and drag curves for repre-
sentative motieloonflguration

Slope of yawing-moment and
lateral-force coefficients for
NAcA 23012 rectangular wing

Effect of wing-fuselage inter-
ference

Effect of wing-fuselage inter-
ference on vertical tail

End-plate effect of horl.zontal
tail

End-slate effect of horizontal
tail

Effect of chanGing fuselage
length (no tail surfaces)

F,ffectof changing fuselage lengt~
(no tail surfaces)

Effect of changing fuselage lengtt
(horizontal tail on; vertical
tail off)

Effect of changing fuselage lengt~
(horizontal tail and vertical
tail 4 on)

Effect of changing fuselage lengtl
(horizontal tail and vertical

~~.. -.– —-

—

16

Data
presented

CL and.
CD as f(a)

Cn and

8Y* as f(a)
\

A2Cnw and

A2CYV as f(a)

Cn, Cz, and
~ as f(w)

Cn8

4
Czw, and

*
as f(a)

cn~ J CZW and

CY* as f(a)

Cns Czs ad
~as f(ti)

. ..-.----.~“

NATIONAL ADVISORY
CO?WIT!LEEFOR AERONAUTICS

— .——— ..——
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TAB~ IV - Concluded

PRESEXTATION @F RESWITS - Conoluded

?Igure Descrfptlon of flgu~e

14- -+Zffect.of changing fuseldge length Cnl$,CZW, and

H
Cy asf$
w..’

Is Effect of cha~lng vertic~l-tatl c
area

n~y CZ*S ~

*
as f(a)

16 Effect of changing vertical-tail Cn, cl, and
area C~ as f(~)

IT Zffect of changes with tail volume CnV, C~, d
constant

CY* as f(a)

18 Effect of changes with tail volume Cn, cl, and
constant CY as f($)

Comparison of data from Langley

-W-’”’’-” ~ c%~:::’f:;

~TJ\TioNAL ~vIsQ~y

COMMITTEE FOR AERONAUTICS



TABLE V

MODEL CONFIWRATIOIW HAVING CONSTAPT TAIL VOLUME

VerticalIF’welage Tall length ~ ~ Tail area ‘v 2SV
tall W@ span ‘b Wng area‘~

Tail-volm coefficient,—
bSw

4 Short 0.415 0.0374 0.0407

3 Medium .518 ● 0786 .0407

2 LOW ● 618 .0659 ● 0407
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NACA ARR No. L5C13 Fig. 1
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F)gure l.- Rectangular NACA 23012 wing h cwnhnutti with

Clrcuhr fm/@x?, Wtlcol Und hcwzm?w itwlsatvui
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Figure 2.- Rectangular-midwing model equipped with short fuselageand
vertical tail 5 mounted for tests in Langley stability tunnel.
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~AtJA ARR N~o L5(’J13 Fig. 3
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Fig. 8a NACA ARR No. L5C13
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NACA ARR No. L5C13
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Fig. 8C NACA ARR. No. L5C13
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NACA ARR No. L5C13 Fig. 8d
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NACA ARR No. L5C13 Fig. 10a
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‘Fig. 10b NACA ARR No. L5C.13
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NACA-AER No. L5C13 Fig. 10c
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Fig. 13a NACA ARR No. L5C13
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NACA ARR No. L5C13 Fig. 13b
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Fig. 13c NACA ARR No. L5C13 -
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NACA ARR No. L5C13 Fig. 13d
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Fig. 14a “ NACA ARR No. L5C13
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NACA ARR No. L5C13
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Pig. 16a NACA ARR No. L5C13
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NACA ARR No. L5C13 Fig. 16b
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NACA ARR No. L5C13 Fig. 16d
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Pig. 18a NACA ARR No. L5C13’
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NACA ARR No. L5C13 Fig. 18b
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Fig. 18c NACA ARR No. L5C13
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